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4 DESCRIPTION OF THE PROP@3jZD ACTrON 

4.1 REQUESTED APPFOVAS, 

Approval is requested for the use of the system comprised of acidified sodium chlorite 

(ASC) solutions for use as an anti-microbial agent to reduce pathogenic and spoilage 

microorganisms on seafood or. freshwater fish when: used at a, use concentration of 4q Tao 

1,200 ppm within the pH range of 2.3 to 2.9. 

The petitioned additive was originally approved as a Secondary Direct Food Additive 

(FAR 4A4433) on April 23,1996 when new regulation 21CFR $173.325 was codified to 

reflect the acceptance of ASC for use as an anti-microbial agent in the processing of poultry 

meat as a component of a carcass spray or dip solution prior to immersion in pre-chiller or 

chiller waters, or for direct application in pre-chiller or chiller water solutions. Fur&r 

approvals for the additive have been granted in the intervening period. 

As of the date of submission of the current FAR, ASC is ah-eady approved for use on 

seafood or freshwater fish. This use w,asoriginally codified and/or listed on page 44122 of 

the Federal Register (Volume 64, No 156) on August 5, 1999 as follows: 

6 173.325 Acidified sodium chlorite solutio<ns: 

(d) The additive is used as an anti-microbial,agent in water and ice that amused,@ 

rinse, wash, thaw, transport, or store seafood or freshwater fish in accordance with 

current industry standards of good manufacturing practice. The additive is produced 

by mixing an aqueous solution of sodium.chlorite with any GRAS acid to achieve a 

pH in the range of 2.5 to 2.9 and diluting this solution with water to achieve an actual 

use concentration of 4Q to ,50 parts per million (ppm) sodium chlorite. Any seafood or 

freshwater fish that is intended to be consumed raw shall be subjected to a potable ‘ -../ ‘.,, I _~a, *-. Illy I IIYcI/.r(.>.“‘~~*. /(, ,.yl.tl 

water rinse prior to consumption. 
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9 Alcide Corporation’s present petition seeks to modify the current approval for the 

use of ASC solutions on seafoo-d ,or ,&shy+@~,h to extend the dose and pH ranges I ;_ .a, L:lrc.- ,.A^, .c+.Me.rrJai*-r, m.-+ :‘, ,%,.“I a.:, ,.%r*.%% 

as indicated earlier. 

4.2 Process lI)ESCRIP?rIQN . /. ,,“, _ , I ^ /. . ../ ,, . . ,“. *( ,_ 

In ASC solutions, there are two components that are used to create the anti-microbial . ..7’lllh/4* L *_, _< 

effect, the food-grade acid and the sodium chlorite. Both of these materials may initially be . _ 1 I( ,““,.~) )” ^,, .*a >A., ,.W~.dz .1 ,,.,, ‘., “.“, I> .j__, ..a 

supplied at point of use as concentrates (typically for ex,ample 50% citric acid and 25O/, spdium 

chlorite), each of which is first separately diluted with VWater to form an n$ermed&e liquid 

stream whose concentr~~~~~n.~s~~ouble the intended final use level. Alternatively, both materials +‘,*1,, e-“‘,: .;, l.“A*“*. ..a. .,,/, *.$l~&,. -“l”* ,,,. 1: -,( .+.Lr iw~J,“a +a* ,,*j .,_ ,$,~;3: “a(, ,i,.l,,i _,,,. 

may be formulated with stabilizers to create shelf-stabledouble,Stye~gth solutions, which can 

then be shipped to the final use sites. In the final mixjng step, sufficient acid is added..@ a SO - 

2,400 ppm solution of so.dium chlorite” to reduce its pH to the 2.3 - 2.9 range - typically pH 2.5 - 

and to create the desired final use concentration in the range 40 to 1,200 ppm. The resulting ,. ^ s. .,.,,* .~ . _^,.) _I .<‘. I), a.2 a.*& 

ASC solutions are then applied to the seafood or freshwater fish product surfaces by either spray 

or by immersion. In the case of a spray application, the liquid is dispensed from a spray . 

apparatus in which either: _ 

ii) One stream each of the chlorite and $e yj,!j sol$ig.$!$ ,!I@?$ -at, or 

immediately before the spray nozzle, or; 

iii) A single stream of recently pre-mixed ASC solution is directed to the spray nozzle 

from a holding tank. The latter may be prepared prior to use, using ambient 

temperature or in cold temperature waters, so long as the chlorite and acid J@s 

have been analytically determined to be within.the ac,qeptable range. 

In the typical environment of a high-speed large volume seafood or freshwater fish 

processor, practical aspects of the process usually dictate that the product to be treated can only 

be exposed to the treatment solution for~re&tively short periods of time - usually measured in 
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seconds. Thus where an ASC solution is applied by spray, this short exposure time will most 

4D likely dictate that the use concentrations will typically be at the upper end of the proposed use 

range i.e. between 500 to 1,200 ppm. 

When an ASC solution is applied to seafood or freshwater fish by immersion in a high- 

speed processing environment, the actual period of immersion would typically also be relatively 

short thus the use concentrations would again tend to be in the upper use range. However in 

situations where seafood or freshwat~er fish is to be placed in iced storage or is to be contained for 

a period of time in a “wash tank” environment, then such immersion treatments could 

conceivably range anywhere from a few seconds up to several hours. In these situations, lower 

use concentrations and exposure times may be selected dependent upon the desired end point of ., 
the treatment process. Some of the factors, which may affect the choice of an immersion time 

and/or use concentration are listed as follows: 

Rate of Kill 

At the lowest use concentration of 40 ppm, the efficacy of an ASC solution, 

assuming constant maintenance of the treatment so]urion, at the desjred concentration, will 

be a direct function of the exposure time. Rate of kill as measured by Ct values will 

increase with the period of time over which the treated surfaces are exposed to the ASC 

solution. Thus for a 40 ppm use concentration, exposure times measured in hours may 

not be uncommon as being necessary to achieve significant impacts on the microbial 

populations that are present on seafood or freshwater fish. Conversely, at the highest use 

concentration of 1,200 ppm, extremely short exposure times - 30 to 120 seconds - may 

be all that is required to achieve the same significant impacts on microbial populations. 

FAR&D\700 REGULATORY\‘ISS FISH .DI~lNFJSeafo+ ~~~\1~1.lic)(Hbwimmtd ~mni.doc , 

.-Page 5 of55 



Desired Efficacy Outcome 

Where pathogen reduction is the desire4 o@cople ,vd @e loves! u?e 

concentr#ionjs proposed, exposure times may need to be extended in 15 to 30 minute 

increments to a&@ye the necessary efficacy ‘end point. Where spoilage organism control ;.._ .“,~ _x_x ,_. *..,*.,* * 

is the desired outcome, these exposure times may be measured in hourly increments. 

Conversely, at the highest use concentrations, significant pathogen reduction outcomes 

may be achieved in 15 to 30 s,K+@exposures and dramatic impacts on spoilage 

organisms - with subsequent extension of product shelf-life - may be seen with as little 

as 2 minute exposure times. 

Seafoqd or freshwater fish Product to be Treated I c- ̂ ,“.. , ,;..__ -1” i .,.L .YlllhC\((X.iI-~~YI */ I) -,-; ,,r .*a +,u~*~,~~u., x/ ___ /, :- _; i .,/,^ , ,/ .,, & ,il ,, “_ ” _ __ j 

Exposure times and use.cqn~ent&o~~ may also need to be modified dependent 

upon the seafood 0~ freshyater, fish product that is $0 b,~ @e@&, simply to avoid any 

unnecessary or unacceptable impacts on the appearance or ultimate organoleptic qualities 

of the finished product. 

4.3 NEED FO_K?P ,ACTION _ .I I ._ C,%*..-.d<‘.r>~.? ,, , I_ ,_ ,“, 1*1,1 / -. _ i  ̂ > . “. ~ ,_ I , / ,, .” , < ,i,, (. ” ‘. ,,. 

Millions 9f &ne&s+. become $1 each year from something they eat. While diagnostic ,%1 r.4_,; .Y/,. *-., .(,“._ ,.. 

and surveillance n#~& fsrg&l-bome il@qs have improved &W’atically in recent years, the .*../ w-l j,^.el,.A _ih%>” X.I s.. .iz& .r*Ai’irri.$:*.k 

exact number of cases can still only be approximated by government officials. As a-x&t ?;ye _~r”+/^ ._.._~,. _<, __“, ,“, _,, . 1 ..y 

must rely heavily on estim@+s yhgg #&mpting to quantify the problem of food borne, ilh@ss. ^. 

As an example, the Centers for QiSewe. Qntrol and Pievektion estima$t$gt. while death, due to xx ~ ,“tl .l.j /Il...?j ,,v ~( l^,,<,R^Gm /*i*i -** ,,., “m.‘.)~~b”~~~;,. _ -mawsa*’ ~.ii>~*bA~i,.V‘e .41t, iii** l,. is;?* i_ ,” 

food poisoning have dropped from 9,000 to approximakl~6,O~O b&r ye&, the actual number of 

illnesses reported he risen to approximately 76 mi!liqn per year. Much of this increase is 

attributed to, @zt& +uveil&qe, more sensit+ diagnostic techniques and more tF=We r ,r .,,. .,.~_, _<. .~,” , ._r* *_,_ _ . . 

diagnosis. 
swam 

e .” .” 
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I ! . f ._I , 

Per capita, consumption of seafood or freshw,#~ fish @J?y@it@ ,S~~$??,,&@%.’ As 

with other food processing systems where raw product is prepared for human consumption, ., ,, 

seafood or freshwater fish - fish and shellfish - can be contaminated with both pathogenic and %_,.il _ e, .k- I.d, A‘ *I ._ ,.,Fi*,,~*~,.,“r~. ..> ; * * #s>, .-i&r: ,a i”” I,,, b&&aj&a’b “*&l,i ,..$ :,a. f ’ -Ad- &&,,” .,:: ~ .:s: r;, L _x <A~ / (, .” _ i .j 

spoilage organisms during production (farming), harvesting, processing, distribution, handling 

and storage. 

An estimated 11%. of the food-borne “.bLA _w:/ 1 .l, _., *, illl outbreaks of illness in the United States are thought .r ,..I. _/ ,, -r, ’ :.:-k ( i~:Pri;~~~~~~~Y?~.*?.~~~:~~ ““.i h.x.” _, _(, _** .” 2.:: ” *H;:.ps~:L:i”;~a,$4f ~~~~~~~~~.~~~~~. ,*,‘(/ i “xi ; - 

to involve seafood or freshwater fish, and 25% of these involve bacterial pathogens.2 Such ^.* .,,. j ._ _ _,_“), I_ _*_ .,+ “,./ .‘,. Ir:~;~l(\ . ,. 

organisms include: 

Salmonella spp. 

Vibrio cholerae ( 

Vibrio parahemolyticus 

/ 

Vibrio vulnificus 

One organism of particular importance in focd borne illness is I&herichia coli 0157:H7 ,“s.Le 11,1 1‘...41_._-+a‘1”.* ilx,,“ll,,161 w..* “,*~,~~~i*““~~i,“~.~~. ;,. ,” (,&% >,” -SC _,, _,: . / ,i: _ 

which is reported to cause sickness,in as. many as 20,000 Americans,each year through 

contaminated meats, seafood or freshwater fish and other sources. Of these infected people, up ,, .,. _I ,_, . . . __l_ _ _^1,... _,* /, .I”” .I. s, :*i; %wrDr a~ r:~.*a.w-p:fxx ii:a,w ,.,x’r “.p~~*~~“~,~~~ ~ ll”,. , _ )__ _, ,, _,~, 

to 500 may die. This particular coliforrn organism, of animal fecal origin, is present m~makre 

and animal droppings, which contaminate soil.*.Sewage sludge when allowed to flo??~intc,~, , _ 

waterways or seaways untreated, contributes additiqnal problems with respect to illness of 

seafood or freshwater fish origin. It is therefore easy to understand why it is that seafood or _. c -.,_ *..,_. 

freshwater fish can readily enter the processing plant environment with significant levels of - .( .” *a. ~,*m /__I 

microbial co.ntaminatiqn on their,p$@r ,surQes, derived from organisms that were present in >~*, -/_. “ _, 

their environment du~rjng growth or from contarnin”ation that occurred during the harvesting or xlij*-..ll”ll*.* ..,* 1 r*l.,-l>*“- i,jir,;,,&. I;,. 

transporting processes. 

Further, it is also evident that..&hout,.careful attention to the implementation of l)ei -” \ “. *, * .* (L~~,~.*~.,i-x~,~~,;5?“,“~, ,wrp +A&<-;‘,, ( _ _ _ yI( (, _ 

001414 
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appropriate practices to control these microbial contami.na$s,~ d~uring the preparation of the ,. _,. . :‘; _’ .I 
seafood or freshwater fish for processing, that these contaminants can easily be carried further 

along into the processing plant en&o&rent to ultimately contaminate the seafood or ‘freshw~ater,‘~ _ _, 

fish at the terminal handling stages. 

Washing of seafood or fi-eshwater,.fi,sh with potable water after”harvesting has most 

typically been the method used.,@ render, the product more acceptable from an overall appearance 

was well as possible contamination point of view. However, the primary purpose of washing is 

to remove excess or extraneous,surface matter (e.g., soil; blood etc.) in order to gain an attractive ., .dl *.. , ,, 

appearance of the end product. While cleaning and washing processes do provide some limited 

reduction of the microbial load, gn,,+most product surfaces, this method is not effective&,, _ 

rendering the final raw product sterile or even reducing the microbial load to a stateof. __ 

“disinfection.” 

Chlorinated water is often used in processing waters applied to seafood or freshwater fish ,.. ‘ 

during processing however its efficacy is readily dissipated by the presence of vegetable, soil and 

other organic matter. Thus at the typical use concentrations ,at.,w~hic,hthis ,material+is&applied the 

overall outcomes withrespect to microbial reduction, tend to be relatively poor. 

ASC was first approved by the US-Food and Drug Administration in 1999 for application 

to seafood or freshwater fish +!.a use concentration ” .,, ,,*.s , a,.. .w.% ~ of 40 to 50 ppm and in a pH range of 2.5 to iA “S “.+,4eziui.~#~.* ^,M” i: c-ii $ ,..;.y,~,~La&%+ 

2.9. At these use le~vels this anti-microbial intervention shows significant promise for the control II. .x %“r ,./ \, ‘ _,,/ ,/.. _ ,_. “Xi .‘, >,;1’3”ti’ ‘tir~,Z~~Z,. __ /. ..- ,. 

of pathogen contamination and spoilage control. Despite this approval however, the need still )_. _. _ ., .,~. ,” _. _ . 
exists to expand the use concentr~~i~,n,apH ranges of ASC in order to provide the seafo,od or 

freshwater fish industry with a more practical and mombroadly useful anti-microbial 

intervention step that can safely be applied to all seafood or.freshwater,,fish, 

It is the position of AlcideCorporation that the proposed new ASC solution~c,~~~~~~~~~~,~~.., _, _ 

and pH ranges which are the subject of this Food Ad&&Petition, and which have simikdy .I . 

already been approved by the US-FDA for use in.poultry, red meat and produce processing (as 

ocB1415 



well as for use, at the lowest concentrations, in seafood”or f?eshyater fish processing), can play a ,_ ,. < 
major role in upgrading the overall microbial quality of seafood or freshwater f&h in the Urnted 

States. 

There are two components to the ASC solutions, being proposed for Secondary Direct 

Food Additive Status; the sodium ch!o,riie or.3se component, and the acidifier or Activator .l,l” ” _“., .‘ 

component needed to achieve the. desked solution pH. The. acidifier can be any one of a variety 

of US-FDA-approved GRAS acids, including but not limited to phosphoric, sulfuric, malic, _ 
acetic “andcitric. These are all materials of very high volume usage, and of many current and ._ lC’)it- _.” ,___. 

diverse applications in a wide variety of industries around the US today. These include: 

o Liquid and powdered beverages 

* Desserts 

0 Baked goods 

0 Meat pickling and fish preservation 

e Jellies and preserves 

l Candies 

l Dairy products and cleaners 

0 Fats and oils (stabihzem) 

The projected use volumes of any of these acids as-an activator.of sodium ch&xite to., __ 

generate an MC soh.&on are mnch.below a fractional percentage of their other uses, thus the ,-._. a,,. L_^^*l 1A.. “” ,4 iwl* ..yre,,*> 

sites of production of these differe,nQci,ds, is not considered relevant to th&,e.nvironmental . . ,; .” .a,* _,.- /._j..Aw I” _ . “” / “,.,/, , _ 
assessment. 

Oabl4cts 
Sodium chlorite is currently being used as a chlorine dioxide (ClO,, source in water 

treatment, as well as an$!ustr$.b@&mg agent in a.number of industries @fimarily pulp ad . . .,._ 

paper), in cleaning applications~ for the electronics industry, as a biocide in the :a” l,.~x. j,~, JC..“a. n.s ..a,, _” I”,e ,,_, p.“**, 



,, / _ _( . . i 

industry, and in various’ applications in the oil industry. On ‘April 23, 1996 the U.S. US-FDA 

first approved the use of sodium chlorite as a component of ASC solutions for microbial 

reduction pre-chill in poultry carcass sprays or’dips aiid during the Chiil ‘process as’ a’com$onent 

of the chill water. Thereafter, as a result of similar approval actions the US-FDA has also’ 

allowed for the use of ASC solutions for the following applications: i) pre- and post-chill in red 

meat carcass, carcass parts or organs sprays or dips; ii) pre-process on produce aLa. Raw 

Agricultural Commodities WCs); iv) post-process on produce; and iv),in process waters on / 

seafood or freshwater fish (the latter at use concentrations ,of 4Q,to 50 ppm and in the pH range 

2.5 to 2.9). 

The size of the worldwide sodium chlorite market, is today estimated at 79;30 x 1 O6 lb (36 

x 106) Kg per year. Of this, the North American chlorite market is estimated to account for 

c lo6 Kg) per year. European production of sodium approximately 3 1% or 24.5 g x lo6 lbs (11.16 I 

chlorite accounts for an .addition,a142°/o of the_wo&lvvide~ production while Asia/Pacific 

o production makes up the remaining 27 /o. a Within North America, the largest producer of sodium 

chlorite is Vulcan Chemicals (B&mmgham, Alabama) who produce approximately 23 x 1 O6 lbs 

(10 x 1 O6 Kg) per year at their facility in Wichita, Kansas. 
._,,” . 

The balance ofthe North American 

production comes from Sterling,Chemicals of Ontario, Canada. Major foreign production sites j ,.~” 
for sodium chlorite, which may be accessed if quality and economics are appropriate, include 

that of France’s Atochem, S.A., Italy’s Cafaro, and Spain’s Energia Industrias Aragonesas in 

Madrid. 

Once the pending FAR is accepted as a modification of the current regulation, the ASC 

anti-microbial sol&n will become. available to all processors of seafood or freshwater fish as _ ,.*._“. ..“< ~ _Ld~-i(.$nrr ,.IY, ,r*_. .x1 

well as to a range of institutional ,facilities and- heme users: ,,Qographically these solutions 

should find application in all areas of the country where seafood or freshwater fish are processed 

‘,’ ,I .) -, 
B Loic Le Dare. Vfelc@ng address, Seco& European S$npdsium on Chlorine Dikide and Disiif@ion. Paris, 

ainimm@ 
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for final consumption. It is likely inevitable that there will be greater use of ASC solutions in 

those states which are recognized as being primary sources of seafood or freshwater fish 

including those where these products are harvested. For example, all of the coastal states, tho,ie 

states bordering the Great Lakes, the states of Mississippi and Louisiana - which are major 

suppliers of farmed catfish - and the state of Idaho which is a major supplier of farmed trout. 

Likewise, harvesting of crustaceans and farming of molluscs occurs around almost the entire 

coastline of the United States ~iven,~ed~-~~~~~ce of specific states in their respective seafood * *.,bl,, .,(_ 

or freshwater fish production areas, relevant processing industries have naturally arisen to 

accommodate the further processing requirements of these various products. Overall therefore 

there is reason to believe that,the potential for use of ASC solutions on seafood or freshwater fish 

covers the entire geographic area of the United States. But, it is this potential diversity of 

geographic and product use which also makes it extremely difficult to ‘reach a reasonable 

estimate of the potential total annual usage for the ASC product. 



5.1 CHEMICA&NAM@S AND PHYSICAL PROPERTIES . xi*_ ,, ./ ,” .,,. “I -.i\.“,.,“_~-iT”.l:~ .‘*.‘-a .‘” nr p,i ,_) m ~.~~~~? k o:~a~,~~~~~i,~,.~~~:r.~,~ac-“...: -0; )_(%., ci 2 I,!.; ‘i _,.a, , 5 , ; ,,.~. : _ ,: ,_ _ ,” /_ ;. 

51.1 Sodium Chlorite (Appendix 1) ^ I. .“_,, .,- ̂,,. %, .,~ .** */,.<. 

CAS Reg. No.: 7758-19-2 

Color (3 1.25% Solution): ‘Colorless to light green 

Specific Gravity: 151 

Viscosity (@25OC): 1.62 cps 

pH: 12.33 

5.1.2 Acidifiers GRAS) 

Phosphoric Acid 

CAS Reg. No.: 7664-38-2 

QnfqEs, wj$ J21CEJX 0 182.1073 as a ,M@tiple Purpose GRAS Foqd 

Substance 

Citric AC&d 

CAS Reg. No.: 77-92-9 (anhydrous) 

5949-29-,l (monohydrate) 

Conforms, witJ 2 1 Cm § 182.1033 as 3 Multiple Purpose GRAS FW! S.!!!?@?F!? 



Hydrochloric Acid 

CAS Reg. No.: 7647-01-O 

Conforms with 2 1 CFR 0 182.1057 as MultipleI%i$ose‘ GRAS Food 

Substance 

Malic Acid 

CAS Reg. No.: 6 17-48- 1 DL mixture 

97-67-6 L isomer 

Conforms with 21CFR‘ 5184.1669 as a Specific Substance Affirmed as 

GRAS, with respect to the following ns, 

(4 

O-9 

(4 

description 

specifications 

use as pH control agent 

Cd) maximum use level 

Sulfuric Acid 

CAS Reg. No.: 7664-93-9 

Conforms with 2 1 CFR $184.1095’ as a Specific Substance Affmned as 

GRAS, with respect to the followi,ng fs, 

(4 description 

‘ . . 

/ 
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Acetic Acid 

CAS Reg. No.: 
‘64..i414 ..I_/ 1, .^ ,, _)_. ^ /) i 

Conforms with 21CFR ~184.1005 as a Specii‘;c gti6st&ce’K~i~~a’.“.& .i>lli “,./ )_ x .,. i- 

GRAS, with respect to the follotiing ns, 

Go description 

(W specifications 

(4 use as a pII control agent 

03 maximum use level 

ASC chemistry is principally the chemistry of chlorous acid (HClC&), a m&stable oxy- 
il ;II ’ ” chlorine species which decomposes to~form chiorate ion, chlorine dioxide, and chloride ion.3 To 

better understand chlorous acid chemistry, a brief overview of the chemistry of i;8iiiouS oxy- ‘. ” 

chlorine species follows. 

As illustrated in Table I, chlorine can exhibit oxidation states from -1 to 4-7. “As a ’ 

consequence, its chemistry is varied and complex. 

Tablel. Oxidation States of ,Ctilorine 

I I clod- +7 1 Perchlorate ion. 
c103- 
r1n.. 

1 +5 1 
1 +A 

Chlorate ion I 
I 

V’VL .7 Chlorine dioxide 

t I c10*- 1 +33 ~1 ~~~~~ Chlorite ion 
Clo’or OCl- 1 +1 1 Hypochlorite ic I- I --- _ _ 

Cl2 
C-Y- 

In 
1 0 Chlorine (molecular) 
I -1 Chloride‘ion 

Oxy-chlorine speciesare important as oxidants in a number of applications. The strength 

of an oxidant is measured by its oxidation strength, or oxidation potential. Table 2 lists some of 

the more common oxidants, their associated oxidation reactions, their oxidation strengths 



(measured in volts), and their oxidation capacities (the number of electi?%s”acce$ed by ‘the “- 

4B 

\ 
oxidant). The chlorous acid (HCQ) reaction, with its i .57V’oxidation strength ar&$kiect& 

oxidation capacity, ranks just below ozone and the hydroxyl-radical generation reaction of -‘” ‘% .” ” = 

hydrogen peroxide. 

Oxidant Rkaction 

Ozone 

idified Sodiiim’Ctild;r ife) 

iase) 

2e’ 

2e’ 

4e’ 
lee 

W) 
2.07 

1.78 

1.57 

1.56 I I 
I I 1.49 1 

As mentioned before, oxy-chlorine chemistry is varied and complex. Listed below are 

oxidation half-cell reactions and their corresponding oxidation potentials for several additional ^’ 

reactions of oxy-chlorine species given by Gordon et izZ.,4 in the AWWA publication, 

Diiinfectant Residual Measurement Methods: 

HC102 + 3 K’ + 4 e- + C1’ + 2 Hz0 

HC102+2H++2e0+HC10+ H20’ 

1.5’7 v 

HOC1 + H+ + e’-+ %Clz + H20 

1.645V 

1.611 V 

HOCl’ + H+ + 2,e’-+ Cl- + Hi0 1.49-v ” “” 

C103‘ + 6 H+ + 5 e- -+ ‘/z Cl2 + 3 Hz0 1.47v. ‘. 

ClO3- + .6 H+ + 6 e- + Cl- + 3 H20 1.451 v 

Cl2 + 2 e- + 2 Cl‘ 1.36 V 

001422 
ix^ ,_ 

F:\R&D\‘loo REGULATURfl755 FISH DiSINiXeafd FAPi171. f&)(H)m&nmmtal mses&mt.doe i; 



Cl02 + H+ + e‘ + HClO2 

c103- 

Cl02 + H+ + e‘ + HClO2 

C103- + 3 H’ + 2 e’ -+ HC102 + Hz0 +3H++ 2 e’ -+ HC102 + Hz0 

ClO3’ + 2 H’ + e’ -+ Cl02 + Hz0 +2H++ e’ -+ Cl02 + Hz0 ClO3’ 

1.25 v 

1.214 V 

1.152 V 

1.214 V 

1.152 V 

Cl02 + e’ + Cl02 

OCl- + 2H20 + 2e--+ Cl- + 2OH’ 0.81 V 

ClOi + 2 Hz0 + 4 e’ -+ Cl; + 4 OH’ 0.76 V 

Cloy + Hz0 + 2 e’ + CD + 2 OH- 0,66 v 

C103’ + 3 Hz0 + 6 e’ + Cl’ + 6 OH 0.62 V 

The oxidation potential diagram given below shows that chlorous acid is unstable with 
). 

respect to disproportionation, i.e. chlorous acid is a metastable species. 

1.152 0.95 0.66 1.611 1.36 
C103’ + ClO* + c102’ + do- + Cl2 + Cl’ 

0 

,^ 

0 

“. 3 

0 

HC103 HC102 HClO 

Numerous researchers have determined that the decomposition reaction of chlorous acid 

is approximately second order with respect to chlorous acid.5y6P ‘, ’ At pH values above 2.0 where 

[Cl027 > [HClOJ, the rate law can be written as follows: 

-d[HC102] 
--m--as-s--- = k [HC102J2 

dt 

(where k = 0.023 M-’ set-,’ at 25OC) ’ 

It is known that chloride ion accelerates the decomposition of chlorous acid and also. 

alters the stoichiometry. Hong ray ” developed the following empirical rate expression for the I ,/ 
decomposition of chlorous acid, with the effect of chloride taken into account; 

-v------- =(m + nx)(l - ----B-SW---- > 
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,._, _^.i_” ‘,,.. “” 

dt P +9x 

where m = 2(k,[HC102]’ + k2 [C102-][HC102]1 

n = 4 k5 [H+][HC102] 

k&7 + h)[HClO;l 
P = ----------------------r 

hib[H+l 

x = [cl-] 

Where the various rate constants refer t.c the following set of reactions: ,.,. .< ,.- I ,..“_nr,, ., *. .._. L_” 4/,.,* ,* .*“b-* 

kl 
2 HC102 3’ H+ + HOC1 + C103 

k2 
HCIO;! + Cl02 + HOC1 + C103‘ 

k3 
HOC1 + HC102 + Hz0 + C1202 

C1202 + HC102 + H+ + Cl- + 2 (302 

H+ + Cl- + HC102 + 2 HOC1 

H+ + Cl- + HOC1 3 / Cl2 + H20 

k7 
Cl2 + HC102 + Hz0 + 3H+ + 2cl- +.cl& 

kp 
Cl2 + HC102 3 H+ + Cl- + Cl202 

In the absence ofch&-$e, only the first four’reactions need be considered. Doing this, x ., .I , I ,rr,~,*_.;ii.~...~i-- .“C”.” r*“c*wm 

Hong gives the follo.Eing reaction equation, valid over the pH range of 0 to 3, for the~initial rate.. ., ?.._ 
c9(j14i4 



law for the formation of chlorine dioxide: 

d[CQl 
~-~~~~--~ = k [HC10212 + k ~C102][C10z’] 

dt 

.“_.I .* I_ ,Mi, ,.-‘ii*^l _._-., ,“,__, ,.1 . ..~. 
The rate of formation of chlorine dioxide given’above,‘can’ berelated aplLoxlmately to 

the disappearance of chlorous acid by the following relation.“* 

-d[HC102]/‘4 = d[C102]/2 

In aqueous solution, chlorous acid, a relatively weak acid, dissociates as’follotis:~ “’ 

K3 
HC102 = II+ + C102 

where I&, the acid dissociation constant,’ is 1X1 .x l’Om2 at 23’C.12 In terms of the acid 

dissociation constant (ionization constant) and the hydrogen ion concentration of the solution 
> ,. 

(=lOmpH), the chlorous acid concentration can be found from the total titratable chlorite 

concentration as follows: 

1 
% HC102 = ------------------------.---i x 100% 

1 + (1.1 x lo-z>/@+] 

The following is a graph of this relationship. 
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Chlorous Acid & Chlorije Coyq&r@iog ys. pH 

Typical ASC solution 
operational range from pH 
2.3 to 2.9 80 

8 
4 60 
b 
f 40 
0 

20 

I 

From this basic understqding of the chemistry and, combined with the results, of 

microbiological testing, the optirhal paramete 

be 

0 
ii) 

I 

A pH range of approximately 2.3 to 2.9; : 
A sodiurkchlorite cone ;en$ra{ioq ranging from 40 pp~ to 1200 ppm. . . i . _, 
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INRODUCTI.ON. OF.SU& kL4NCES INTO TH.E., *..“* ” .I... . . _ 

ENVIRONMENT 

6.1 PRODUCTION RELEASES 

As noted in Section 4, the ASC solution will be produced on site some time prior to 

application in the processing facility, be it a mtijor operation; a contract operation for a specific >.,: /. .)) -. ‘). /_. . 
chain, a supermarket facility, or ultimately even in the home. The solution mixing will take place 

. . ,, ” . ,.I ,. ,~ _, , 
through the confluence of the separate acid activator and sodium ch’h$ite dBASE solutmns at some 

point prior to the final applicator nozzles. The acid and sodium chlorite solutions will typically 

be prepared in ambient temperature tap water although circumstances may arise where the 

solutions are prepared with chilled water dowr) to te.mperatures as low as 4OC: Note that there 

may also even be circumstances tihere ASC solutions, are frozen after initial, constitut&n then 

ultimately allowed to, thaw gradually while in contact with the seafood or freshwater f$h. ” 

For freshly mixed solution application circumstances, the time that normally elapses 

between the creation/activatmn,pf t&.,ASC solution ind its final deliver . . . ...yIIIx .j*.” ,“, /*,__ ,.,_/ __ * ~~lijl.._/i.*,~I(. j /.,_ I) s__, ‘y to the surface to be 

treated is typically brief (no 

dioxide that might typically 

mgliter (2 - 3 ppm). 

greater than 2 - 3 minutes). Thus, the levels of dissolved chlorine 

generate within the ASC solution o&v& tim.e wil! not exce&l,c~&~ - 

In larger operations, it is armcipated that a spray treatment tiill be the primary mode of ,. : I%j ,, < . _I 1 ,,.. -*. ./i, I. I _ * > s, II “, >, ..> i 
application to products which are’the subject of this petition, in essentially‘the same ‘manner as is ,^ ,. 
currently commercially utilized for the pre-chill ASC treatment of various meat products and 

produce; i.e., the seafood or fi-eshwateT.$sh v$lJ,,pass,,th.rougha semi-enclosed and baffled,spray,* , 

enclosure. The spray will be applied via pressurized spray nozzles, for varying exposure times up to : . * ‘... jl. ;* ..‘,,. .+.<_.. ,‘>, *. “.,,*.J ” .*. n” .__, ; ,, , _. _ .~a ;, 
about 30 seconds before the product exits the enc[osure. &I order to-minimize the potential for 

possible off-gassing into the immediate worker environment, the semi-enclosed spray enclosure will 

be negatively pressurized via an aspirating air hose venting to the outside of the building. This will + ). ̂ ” i ._ . 



” I 

ensure the removal of excess gaseous materials, while a dedic,ateddrampipe will route excess fluids 

to an enclosed drain..ffr,removal with other plant wastes. Short-term exposure, “immersion dip” I. .i+ al%/ . ,r*, ,l/ 

processes may also be developed for some of the products that ‘are the subject of this $“tition to 

conform with current industry practices vis-a-v& the,incJusi,onofan anti-microbial into processing ,..)/I ,,-,& _,#‘.w.. i j , *, Ih~4<a.%. 

waters to reduce the spoi!age-related microbial load of~~~~~~~~~~~-~~~~~~~~~~“~~~.,, .,& &!&?_spw 

treatments, such systems would also be semi-,encloSeq.i,,~egatively pressurized via w aspirating 

air hose venting to the outside of the~.bu.t~dJng to accommodate any potential worker safety issues. * .,. ,_. ,.j 

In smaller operations where. the application of product is expected to typically be hmited 

to infrequent and/or small batch application using either hand-held ““on/off-type” applicators or : ; , 
purpose-designed “dual-cylinder” hand-held.spray bottles, the volume of product use.and 

therefore the potential for off-gassing and worker env.ro*nment exposure is significantly reduced 

compared to the larger commercial systems. As a resuh, no special precautions other than the . 

inclusion of label precautionary statements regarding handling, adequate venting of the work area ., 

and use of the mate-r@ are therefore anticipated. .*..q .,.) Ia ,*. 

.::. 
., 

i 



6.1.a. THEORETICAL WORSE CASE PRODUCTIONRELEASES 

While chlorine dioxide has a minimum tendency to form in ASC solutions when the 

chlorite and acid are initially combined immediately prior to spraying (typically measured as c.2 
I : : ” “ ‘-I” 

- 3 mg/liter dissolved in solution), it may exhibit an increasing tendency to form as the applied 

solution concentrates during the evaporative process or as a mixed but unused solution is allowed 

to “age.” Thus, in a typical situation, the potential for chlorine dioxide entry into the air of the 

workplace would be expected to derive primarily from this evaporative source, more so than 

from that which is retained in solution. Chlorine dioxide also has a significant tendency to react 

with, and be degraded by soluble organic matter (such as soil) to form chlorite, chlorate and ,.. . . . ., _. .,. 
ultimately chloride. It is therefore, expected that a major portion of both the initially projected 

chlorine dioxide maximum of 2 - 3 mg/liter in solution,and any quantity formed upon 

subsequent solution evaporation will be reduced to a non-volatile, chlorine-containing ion that 

will ultimately be removed in the organic matter laden waste waters of the processing plant. 

Finally, it is further expected that the degree of chlorine dioxide evolution out of the 

ASC solution within the application enclosure during the treatment’s maximum 30-second 

residence time on the seafood or freshwater fish will be low. This is particularly true because the 

high humidity conditions prevailing in the application cabinet will tend to suppress evaporation 

and therefore out-gassing of chlorine dioxide from the ASC solution. Thus the 2 - 3 &liter 

level of chlorine dioxide that can typically be measured in an ASC solution within 2 -, 3 minutes 

of activation of sodium chlorite can be assumed to correspond to the most likely “maximum” 

amount of this substance that will arise from both initial and evaporative sources. 

To put this into perspective from present day .experiences with the application of ASC 

solutions in commercial poultry processing plants, a typical ASC spray operation applies 111 

mL/kg of solution (1.67 fI. 02s. per 1 .O lb; average carcass is 3 lb) inside of a 2.45 m3 spray 

enclosure over the course of 15.9 secondsb. Therefore, in a “worst case” scenario where all of the 

b For a standard 90 bird per m inute evisceration line a typical SANOVA spray cabinet enclosure measures 3 x (0.67 
m x 1 m x 1.22 m). Therefore internal v&me = 2.4Sr’ti3. Avqage carcass ejcposure time to ASC chemistry while 
transiting the spray cabinet = cabinet length (3.66 m)/Line Speed. Line Speed = No. birds per secon d x shackle > 
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dissolved chlorine c&x$le were to be released into the environment, 450 kg (1,000 lb) of meat >^ ., .I .a/, * .,., a*-al_lui .-_. 8, ~,ra-~.,~~.~,~,..,..... * _.,, * ,,.. _* ,.a.?; ,+*,,-‘. . ,__ ,_/ _ _ 

treated (333 carcasses), corresponding to 50 L of ASC Solution applied”, would theoretically _ . . . _^.“l_ix, I l_l_ . . - / ..^.. / ._ ,“_ _ “_ _i 

release 150 mg of chlorine dioxidb ,iq’3.7Q.q&@ ,(at the 3 mg/L concentration). Assuming a 

static air environment inside the application enclosure, with no venting or circulation of the air in _, (b_ .I ,*., ,_ ,,_ i/_ * ..* ” ._.. * I*~.* ., I, “, .rl .I,. 
the vicinity of the treated poultry meat, the dispersal .of,up to 40.54 mg of chlorine dioxide into //,._ ..‘ ,,*~a II 
2.45 m3 of air in one minute wouldmrnrediately raise its concentration_above the OSHA 8-hour _ <_ . . . ~, (1,‘. _, ,,_e ,L<*i*,+l. Ilwn,.is,W.“% ._I r*.. -I. _/ . .dd*v&..x.*12~I,x .“.dir(“ir*.,ll.‘” s.‘z ,.. __” 

TLV of 0.3 n&m3 and therefore. &ead to unsafe conditions both within the enclosure and in the ,.ilry s.il_L_ u,M<&eN.hL “.a0 “ii *‘*~,,~.~:~~--~~~~~r~; i r:~~~~~2s&,l~~~‘~r~~~~~~~“~~,~~,~~‘~~,~~~;,~.~~~~~~. ,** ., ?. 3,. .., -, ‘. .,_’ 

immediate external environs: ,.+ ,, _,,_._ ,._ .“, , 
. . “ . >._ 

For typical applications of ASC solutions to seafood or fkeshwPater fish, it has already 
: ” 

been established that,the+,application volumes necessary for the achievement of sigrkcant 

pathogen reduction or for s&nificant impacts on shelf-hfe”have been estabhshed 7..based,,on 

depletion studies - tc be approximately 84% of those used on poultry~cakasses i.e. 93 ,mLkg 
,,. . 

(1.24 fl. oz./lb) of seafood or freshwater fish; therefore the Yworstcase? c9ncen~~~~~~~_S.,~. ,,, , _,.,_, _ __. ,_ _ 

chlorine dmxide in the theoretical case described above would also be. approximately 84% or up S_‘..Y *,i ..,e~ e-v”.: ,,.. ,,_. * “-’ _ * Vr”‘~iliL~~~~~~~l~~~~~~~~~~~~~~~,~. “(*‘~~~~~~~~~~~~,~.~~‘ : ..-. _ ,. ,, ” : . >“! __ L.” ,.,r_ ..,_ , / %G_ /,, ^ j ( 
3 -. 

:Q to 34.05 mg of chlorine dioxide in@ 2,!!5,,~.G&$~, / ,_,_ . ..“_ ?/ , , _. _ ,_ I~” _, . __ . .- . 

Drawing on the current experiences with meapplication of ASC sohrtions in / ̂ ,. i;l ./ Gjj ,,,_ “I _,_ . _, 

commercial poultry processing plants, air quality testing in the immediate area WOW@ 

commercial spray enclosures inst,alled !nto poultry plants in the US shows thatchkXk dkxkkis,,~~ ,_ Ij_, 

generally undetectable (Appendix 2). Additionally, air quality testing of the air exhaust,,&?n __ ,. . _. _, 
these same commercial (_ -~~I. _ l.j* systems shows extremely low levels of chlorine dioxide present. These 

data clearly support the fact that the majority of the chlorine di&ide,matetia! th%!?. ~,!!,~&!~~~n9 

remains so, and is ultim,ately distiosed of in the hquid kaste stream. 



a 

(1 ,” .̂ _ 1, .-. \( ,. 

,., _~/, .I 

“, i 

increase to the potential for air dispersal of either the’ ASC solution or of any dissolved chlorine 

dioxide, when compared to that of a spray operation. In fact, due to the likely accumulation of 

organic matter over time within the dip ‘solution, plus the known interaction (reduction) of 

chlorine dioxide with organic matter it is anticipated that actual levels of this material in i I 
immersion or dipping operationswill be lower than are typically seen in spray systems. 

However, as with the commercial spray systems that are currently being utilized in US poultry 

processing facilities, the environs surrounding an immersion or dipping o$eration’%ll be 

controlled with appropriate enclosures containment of hquid wastes and positive pressure air ” ..l .r x 
venting to the exterior of the building. 

Based on the above estimates, it is Alcide Co~oiation’s’oel~~f”~~a~ch~~~ne”~~oxide is ’ 

unlikely to be a production release of any significance as a result of the proposed use of ASC in I 
seafood or freshwater fish processing facilities. 

. 

,: . ^_ _.,. ,...” ., 

I 

owl.431 

: 1 
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,(I) 
6.2 USE RELEASES 

6.2.1.a INTRODIJCTION 

As previously mentioned in Section 4.4 of the ,J$nvironmental Assessment, there is reason 

to believe that the potential for use of ASC so.lutions fish.coygrs A the _..‘). _. I..“..~‘.,,. _/ “\\, 

entire geographic area of the United States. But, it is this potential diversity of geographic and ,. 

specific-product use which makes it extremely difficult to reach a reasonable estimate&the “) _ _ ,,.. ,. “. 
potential total annual usage for the product. 

6.2.1 .b SODIUM Q3IJ)tITE ESTIMATES 1 ^ 1 L .“i.“%,. %ni*)\\,*.~*.~~’ , I.,, ,. ,- “, , /, ., ., /j .; i/ ,, .-... _,,^_ ., 

While the overall scale, of,the,seafo,od or freshwater fish industry in the United States 

a 

_ r....” ..;, *,_ *I”:.;*,*.‘, 1 ,” .iilrX’* ,.,_ a. T._“,U,\. ,, ~_‘, . ,.._, ,, 
alone is enormous, surveys of industry need and evaluations,of projected interest that, have been. __ 

conducted so far, suggest that the: majority of “use interest” for ASC solutions is hkely to be seen . .I ^I -. , 9. 
and expressed primarily by the highly controlled, value-added aquaculture industry. Finfish ,., ,j , s_ -_ 
industries such as those of the,deep sea trawling operations etc. appear to be less likely to be __ ‘.,” i, 2,. . . .-” i / . . _- :. 
interested in utilizing an anti-microbial in the storage, processing or handling of their products. 

Thus best case “guestimates” of market penetration ‘and market share would suggest that’a‘ _ 

realistic value for marker uptake would be in the.order,of2,5°h of the aquaculture industry. ., . ?“_,_ 
-6 

Within North America, this market produced a total,of3?32 x 1.9” Kg (842 x 10 lbs) of product in 

2000. The foilowing table shows the major production species and quantities for the year 2000. 



US Ac$aculture Market Production by Key Species (2000) and the Es+@d Market 
Uptake for’Acidifi6d S.oc@um.Chiorite _ -. 

I 

F Finfish 

Seafood or 

freshwater fish 

Type 

Baitfish 

Catfish 

Salmon 

Striped Bass 

Tilapia 

Trout 

Clams 

Mussels 

Oysters 

Shrimp 

Crawfish 

Totals 

17.8 4.5 

As mentioned in the previous section, the projected application rate of ASC sol 
# ” ,; ’ 

onto seafood or freshwater fish has. been evaluated in. depletion studies and calculated t 

order of 0.09 mgs/cm* of treated surface (approximately 93 mL/kg, 1.24 Fl. Oz. Per lb) : _ 

utions 

:o be in the 

I. Using 
. 

this rate of application, the estimated use rate for ASC on-seafood or freshwater fish can be L I_ .S‘ .s.+,” 1< . . . ,.) -3. 3 . _, 

recalculated as shown in the foliovving table. 

F,\R&D\7W REGULATORYk755 FISH ~!SI?.jRSeaf+ F,AP\l,7I.!(c)(H,m~~n~~ asoarmm~.doc 
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The’ Potentigl ,Annual Consumption of Sodium Chlorite from use as a 

Processing Aid on US Seafood or freshwater fish,De&ed,&q.~ , _ . 
Aquac;itlire , .: _ * ‘.. .J”_(, _(. ., ,__ .” . 

Finfish 

Seafood qr 25% Market 

freshwater fish Uptake 

Type (million lbs) 

Baitfish NA 

Catfish 149.2 

Use VolLme 

(million, 

gallons) 

NA 

11.563 

Sodium 

Chlorite 

(million lbs) 

NA 

0.1157 

x .,I (.._ /_ _;., / _“.~j ,. ..~, x c_ > ,.. -“*i. -_* “, ,.,. , ,” 1 _. , I ._,_ 

The total estimated ASC use v&me of 6fl.@x, j@ ,& (16.01 x 1,06galions) on aquaculture 

product equates to a total .sodiuw. chlq~te~use-,.at~thgh’ighest application rate of 12QO ppm - of 

0.35 x 1 O6 Kg (0.16 x 1 O6 lbs) or 1.4% of the annual p$du&i&n of soditim chlorite, iii’t&*ug$?d 1 

States. 



6.2.2 WATER AND AIRREL.EA@$S. 

6.2.2.a INTRODUCTION 

The components of the ASC solutions are the, G&AS acid, of high purity, and the sodium 

chlorite (of a technical grade), which has sodium chloride and sodium chlorate,as impurities. 

Upon acidification the chlorite, through chlorous acid, can be expected to minimally transform to 

chlorine dioxide and to chlorate. At the level of use of these components, and the minimum *r. ,,, \_ c.“*I “I ,. 

standing time for the mixed ASC solution, the amount of chlorine dioxide that is disso!ved in -, 

solution will not exceed cu. 2 - 3 mg/liter. Being a highly reactive compound, this chlorine .^ .__ “...,_ 
dioxide will quickly be reduced (by reaction with organic matter and with microorganisms on the 

seafood or freshwater fish surfaces) to even smaller.quantities of chlorite and chloride ions. An 

even lower amount of chlorate. will also be forme~d, in: this process by a separate pathway 

involving dis-proportionation of the chlorine .dioxide, 

As shown from the poultry plant data in previous Section 6.1, the air releases of chlorine . 

dioxide are de minimis. .Of greater possible interest are the relatively higher levels of sodium . . 
chlorite, i.e. 1,200 ppm as a maximum, of which the chlorite ion represents 895 ppm that might ,. _ ^. ’ ,( , 
be reasonably expected to be disposed of into a processing plant’s waste stream. The following 

projection puts this quantity into relative perspective; with respect to estimates of the total water 

volume throughput in seafood or freshwater fish processing plants. 

Although no specific published data can be found onthe quantities of water utilized in the 

diversity of water-washing operations where seafood or freshwater fish, are processed, a projected 

level of chlorite releMe.into processing plant effluent water canbe de&d, @o-m specific 

information made available from a.cu,~ent processor’of farm raised saJ,mon. Inthis processing 

plant, a single day’s run of 77,180 Kg (170,000 lb) of salmon required 454,200 L (120,000 

gallons) of water and/or ice for processing, in addition to other plant requirements for water such 

as transport of removed,sohds and o.ver~aJ~~ plant’sanitatiori.~.‘~a~~~l~~~~~~ are confined, for the 

moment, to processing waters alone, and make use of the.,A,S_C application-rate estimate of 93 
$3Q%43~ 



i . ,. 1. . j., 

mLKg (1.24 Fl. Oz/lb) of product treated. On that basis, 77,180 Kg of salmon would consume’ -. ,“, , I. “,. ‘.. _,. . ,, ,/ *, I, ,i * , . 
7,177 L (1,896 gal) of ASC solution. This*amount ofsolut@ would,be,d&ted by the 454,200 L * ..*, :_ . , . /I .1 .- - .-.. 
of daily processing water thereby effecting an approximate 63-fold reduction, in’ the ~ ,,,._ I / a. , j_ *. ., ,,. , * , ,., \ 

concentration of chlorite in the vaste stream. ‘ .At .a maximum use level of 1 ,/ 3) 200 .*.T.ru-.,, -.*d^,%..“. _, .,s -+ -*>“*.71b,.- _cI/ _ , ppm (1,200 

mg/L, 1.25 oz/gal,) of sodium chlorite, the worse-case total .amou@ of this material used per day , S.,).. .-is.,, .~ I,,” + ,_.,,: .^ ,/.” , ,. -j._“,, ., 3 ; _ ., , 
would be approximately 8.61 Kge (18.96 lb), of which 6.42 Kg (14.14 lb) is the chlorite ion. ~ .,_ . /..I .,- _,” . .1. -., ~. I-*-.- o,.** 1 .“,‘/../ .,*““.~..~.“~* .“,, .*; ‘.,,” ,,,/_ . u I *_c _. ,_i*-.. ,,-b’-,. ..I._/. z:j _, ,,~_ 1 . 
Depletion studies have shownthat approximately 10% of the chlorite. ion is degraded as a result 

of the treatment, or from, reduction,,,t~o,u& contact with: organic matter thus again the worse-case . ^.. 

remaining mount of chlorite ion that might ultimately bc available for dilution into the 454,200 L 

of processing water would be approximately 5.78 Kg (12.73 lb), reducing the final chlorite .. :.-- .“” _._ . ,_ ‘.’ ‘_ ., 
concentration to a theoretical final &el of’“13 ppm.’ 

Since the plant waste-waters from, ail of.mes&jtary and house-keeping operations will 

contain additional organic matter, a major fraction of the available chlorite ion not. already 

consumed, will further degrade on contact with this organic material. Additional factors~&&, _ 

would be expected to result in a low to negligible chlorite ion load” in the waste?vaters ofthe __ _, “_i,_ “,, 

plant include: 

,9 The known instability of chlorite in the ASC system and its ultimatereduction. .),,,,. I *; 

predominantly to chloride. 

ii) The high reactivity of the oxychlorine species(chl~rite,:,ch!orate, chlorine dioxide) ;.,, ._ .,: i I:“. ..,*y ,‘“: ,,$-- _ . . . ,. 
with soil and organic matter in general. (Refer to Section 7:0 - Fate of Emi,tted. 

iii) 

Substances in the l@vironment). , __ “_“,l_ ..( ,~ 

The zero chlorite ion profiles that natur$ly exist in the waste-waters of processing 

facilities utilizing an ASC system. (Refer to Section 7:0:,-- Fate of Emitted ~,~ _ 

Substances in the l$nv@nment). 

The fraction of chlorite that”,might therefore be expected to survive or remain in.rhe 

d (77,180 Kg x 93 ml/Kg)/;000=7,1i;i ‘-’ _ ” _ “- .‘. ’ 
e 7,177 Lx 1200 mg/L = 8.61 Kg 
’ 5.78 Kg/454,200 L = 12.73 mg/L = 13 ppm c.mp3xi 
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processing-plant waste stream to ultimately be transported into an external treatment process such ‘ . ” 
as a POTW is highly likely to be less than the LOD for chlorite i.e. ~0.1 ppm. 

For chlorate ion, the relative amount present in the waste stream of a seafood or ? 
freshwater fish processing plant, assuming the above’worse case scenario would be considerably * :“, _: .‘ii ,. “.( ” 
less than the value calculated for chlorite. While this number can probably be estimated as a 

fraction of the chlorite that has been calculated; both compounds& expected to be present in i 
such low amounts as to have a de minimus effect on l,ocal.POTWs. For the purposes of this 

discussion therefore, chlorate levels will also be considered to be present at concentrations < 0.1 
j ., 

PPm. 

The levels of acid used to achieve the requisite initial pHs of 2;3 to 2.9 for the ASC 

solutions are as follows (for a few ,representative GRAS acids): 

Sulfuric acid, ~0.04% (~400 ppm) 

Phosphoric acid,‘OB2”to 0.04% (200 to 400 ppm) 

Malic acid, 0.04 to 0.08% (400 to 800 nnm) 

Acetic acid, 0.50 to 1.0% (5,000 to 10,000 ppm) 

Citric acid, 0.50 to- 1.2%(5,OOU to T2,0oc) ppm) 

These levels are reduced by their subsequent dilution in the same quantities of water used 

for seafood or freshwater fish washing, transport and plant sanitation and are therefore of little 

environmental concern. 

. 
With respect to institutional’or home use of ASC solutions vis&vis.water discharges, the 

much greater ratio of organic matter to the small quantity of oxy-chlorine species in the ASC should .> ; 
result in virtually full degradation of these-materials upon contact with the facilities’ or home’s waste 

systems. /_ 

In summary, worse case estimates of the oxy-chlorine species that might be expected to be 
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Chlorine dioxide 1’ 

Chlorite. 

Chlorate 

de miniini~ , .._l,Y ). , 

CO.1 ppm , ._., I 

CO.1 ppm 

. 

Alcide Corporation does not ,believe’thatthe above-indicated concentrations of oxychlorine _ _d + ,* <r-*.-ni”i /, h~tw.~,, _ .u.~.,~,,,-,,~..~~r,;c,i,,~,*:I.r,~~ I:w,b+*..<~i*b,,*iVx‘ s+e+b 

species or food acids will hayee,a9negative impact on the operation of POTWs, for the following 

reasons: . . ,., 

1) Neither chlorite, chlorate nor chlorine dioxjde is listed as an Interfering a~,..( I ** (,bl”.*j .-bi.r.rr.~.,nrx-.L,7,ii.c.-c 

Substance in PCTWs, as provided in’Page 125 of the W&e1 docum-g~$!,‘. These-, __ 1 

interfering substances, as contained in certain industrial discharges, can cause “a 

POTW’s noncompliance with its permit or inability to lawfully use or dispose of 

its sludge,” Chloride was l&ted asa potentially interfering substance, but at a 

level significantly higher (180 ppm) than its presence either .as q-impurity in the 9 I I. . , .“, ,. , 

technical grade chlorite or if ahthe. oxychlorines were converted, t,o,.ch&r&& ,” 1 3 
Acidity is alsolisted qs a potential interferenc,e in PQTW operation, but the levels 

contributed by this application would,not have ameasurable impact on pH. _a _. _x \, ..a,,/1/ i . .“,,%*a- I 

2) None of the” species present at the levels indicated can, int@erewjth,..the ,I .) ,_ 

microbiological treatment _ systems. C&r& d&&le, a recogmied anti- 

microbial, will have no effect at the $e~rni#@ l~y&.g&&+~~ r&her cm the 

chlorite, a much wea&rso.urc.ezof activity, at the ~0.1 ppm level &m&ted. I . 1’ ‘Y“_’ 

3) “(M)ost interference problems at PCTWs, are related to intermittent , s, *.I(* ..i_ ,-_ r:~ur.-lr~‘,rr,~)~~~~~~- . . I ,, 1. , I. ,l. I, 

discharges of high-strength conventional wastes which overload _.” ,,.. b” .,h^ .il..,, / a PGTW’s j_ ,I~* ~‘““~-~.“““~~,,~~~~~~~~~ \“,:*. ‘..:rc,‘i” 



organic capacity, causing plant upset,” according to an EPA reporter’*. The 

organic contribution of these systems is minimal, and the other common causes 

of plant interference are not a factor here: \ 

low pH . ..Jcorrosion] 

solids, or viscous pollutants.....[flow obstruction] 
. . . . ..* nign volatnes . . . ..[explosion or fire hazard] 

heated discharges . . . ..[altered biological activity] 

6.2.2.~ WATER RELEASES - S&lALLER’,FACI&~TI,J3S 6.2.2.~ WATER RELEASES - S&lALLER’,FACI&~TI,J3S 

It is anticipated that some ASC usage in the processing of seafood or freshwater fish will It is anticipated that some ASC usage in the processing of seafood or freshwater fish will _. ., _. ., . ._ . ._ 

be distributed over a wide range of local facilities of low volume production, thereby reducing be distributed over a wide range of local facilities of low volume production, thereby reducing 

the “per site” ASC volume. the “per site” ASC volume. 

toxic discharges . . . . . [inhibited biological activity] 

Because of the diversity of such small-use operations the prediction of specific ASC 
. . . _ _ _ -- - . - ^^ ._‘ 

quantities with respect to other waters in the eftluent ota particular type of facility is not feasible. 

However it can be readily concluded that the much smaller chlorite and acid quantities in the However it can be readily concluded that the much smaller chlorite and acid quantities in the 

facility’s effluent would be at least as likely to react with and be degraded by the organic matter facility’s effluent would be at least as likely to react with and be degraded by the organic matter 

in its effluent water as in the larger facilities. Once again, the maximum level of oxychlorines in its effluent water as in the larger facilities. Once again, the maximum level of oxychlorines . .., ,- , . .,; ,_ __ . .., ,- , . .,; ,_ __ 
(mostly chlorite) that might be expected in the.plant effluent of a seafood or freshwater fish (mostly chlorite) that might be expected in the.plant effluent of a seafood or freshwater fish : 
processing operation is not expected to be greater than 0.1 ppm. The same basic calcul&ions . Ix , 

with respect to impact on POTys! apply,. 

processing operation is not expected to be greater than 9.1 ppm. The same basic calcul&ions . . Ix , 

with respect to impact on POTys! apply,. 

6.2.2.d AIR RELEASES’- LAS;1G&R ABIt SMALLER FACJJJT$ES r *r. ““.) , “al,.” jr bI”. I,, 

As seen earlier, based on the commercial plant data that is available from ASC 

application in the poultry industry the spray application of an ASC solution to seafoqdor. , ..’ ^_ / .^ 
freshwater fish is expected to create negligible air levels of chlorine dioxide, in an environment 

. 
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,* ,,, >^ .^ : “I ..I -_ ,. _ I.~_, : . _ ,( 

_I 

. 

of normal air turnover, assuming the use of an appropriately designed spray cabinet enclosure to ./ ., ,, ,. ,“., I, _>,&/. . . . \,, .$._W” , 

confine its dispersal and to control the gaseous and liquid effluents.. 
: j _ 

I 

In ASC immersion dip operations, where seafood or freshwater. fish .w#. generally have ~‘: ‘. ‘/ 
some soil or other organic’material on their’s~~~a~.es,,nl~. orgamc’matter is also expected to 

destroy any small levels of chlorine dioxidethat” may have. formed in the solution upon its 

activation. However, as with the SANOVA commercia) spray systems currently used ‘in 

commercial poultry and beef slaughter facilities, the environs surrounding an immersion or 

dipping operation in a seafood or freshwater fish processing plant will also be controlled with :‘*-’ i / 
appropriate enclosures, containment of liquid wastes‘and positive pressure air venting to the 

exterior of the building. 

6.2.3. ELATION OF !%ANT WATER R~&GES To TOTAL PUBLICLY OyEj$p+>,. .* ,.,i, _. __j /_ 1.. “4 XI ..-*a. 4”irxlyl~di*r +.“~‘..“ich,.~w%‘bni .i?.+ii”,, c:s*,*,, ,.,, .a”~~~~jrr:;+.w;: LL‘? % :-<‘+a*r’. ;. i.,tii(r,--,r 1”J, ,,,r.vLLy 

TREATM.@lJT WORKS QUANTI$?ES _““A __,. I.,.““. ,w.l-*a*:, ., s I ,,- j ,” 

The industrial discharges to local Publicly Owned Treatment Works (PC@Wsj, such as 

might be expected to occur from seafood or freshwater,:& processing facilities, are further I I ,_*, .,/“.. 1.^, *, 

diluted by discharges from other industrial ,andnonY~ndustrial souses. The,,prev$ous section of .- . . ..,C.” 161__..‘,“‘.^ “~*l,,*“i.,b”e. 4. 

this petition discussed, me.,r&tionship of such plant dis.ch,arges to total”POTW &&$+,. .,. 

Reference was made to an EPA+ponsored study,ls that provided guidance in minimizing the .“.. /A-**./_ )/ . . _. 
discharge effects on these POTWs. ,Jn,h~~,~,zz~~ort it tias’shoti that ihe’be%ge irifluenk waste- 

water from industrial sources was 2.6 3% of the total .inta& Thzt info~~~~i.~n,.\3ras.~~~~~“,~~~~ .,.c,. ;._._ sO1lll_ ,.. “I,, .u.. u,rin,n.,i-.-o~~r:-siu*rl- %^,<.i\ ._. jti.& “.riun,-\p .A, y _, .,, I +ir+,“,. ,\ r,$.,;&~.J& J *-( 8’ ,I, - ,“: > i,,l . : ./ ‘+!--.,> . 

estimate the projected impact of the seafood or freshwater. fish processing facilities using ASC 

treatments. 

Using Alcide Corporation’s estimates of ma&et share, the application of AX on 

processed seafood or,,fieshwater fish would rest&in an overall increase in the POTW discharges “, _ ‘ * ., * ““^. 2 v XI i_, ..^) r~~~,~~~~,ir--~~.~,“~~‘*,~~r*~r*a~~~~~~~~,,~~~*~~~~~~~~~~~~~~~~~~~~~.~‘~.~~~~~~~~*~~,~~~~~~~~”~,,“~‘~~,.~ *li .~_ /” .,, _,_ -. -_ ~ .l; ~ , 

attributable to soc&q ch@-ite. I$owe*ver,, as calculated in Section 6&&a, the contribution from. 

such a processor to its hsdling POTW is probably no more @an the “worse case” estimates of ^ ” .)._l,lw.*** ;i.x..“-iXI(-,;l.r\.,l,~:-L.‘.-” , ,.,, ^I/ . __, 
> 

CO.1 ppm. 
(yxL44~ 
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A similar analogy holds for the food-grade acids used for ASC ac tivation, where the acid 

contribution to POTW facilities wpuld be p’e m@imjs. , / ., ,,” i _ 9, .,“,_ . 
‘ , - _\ 

On the basis of these discussions, Alcide corporation does not believe that the above- 

indicated concentrations ofoxy-chlorine species or food acids will have a negative impact on the 

operation of POTWs, for the following reasons: ’ 
, - 

.,._ 

a) The levels of oxy-chlorines, i.e., chlorite, chlorate, and chlorine dioxide, that would 

reach the POTWs, is at the parts per billion level, at most. Neither chlorite, chlorate, 

nor chlorine,dioxide is listed .as,~~.~~terfering Substance in POTWs,‘Bs provided in a 

document listing Interferences at POTWS” . ,These interfering substances, as 

contained in certain industrial disch,arges,‘can cause “a POTW’s noncompliance with ,j . ._ -. 

its permit or inability to lawfully use or dispose of its sludge.“ Acidity is also listed as I .,.w__...-. ._ ~-. _,,., Ic^“,__ I .,. ~ ,_ 

a potential interference in POTW operation, but the levels contributed by this 

application would not have a measurable impact on pH. 

b) None of the species present at the levels indicated can interfere -withthe I; .^ ,. ” I ” ; ; ’ 
microbiological treatment systems. Chlorine. dioxide, a recognized anti-microbial, 

will have no effect at the calculated parts per billion level; neither will the chlorite, a 

much weaker.source .of activity, at the minuscule levels possibly present. 

6.2.4 COMPLIA,NCE W?TS..F1MISSIC)_Z?!.~~QUIREMENTS .y ,,*,/ i 

Alcide Corporation fully anticipates that any seafood or freshwater fish processing 

operation that intends to,,use the A.SC solutions if deemed appropriate, will obtain the necessary xx ,,Ald .,‘ ,.9 

permits and approvals for discharging process waters co,ntaining chlorite,. chlorate and chlorine 

dioxide to POTWs. _It.sho,uld be noted that sodium chlorite used in-preparation of these, ASC I ;I. “,.*l *^,.. .,_ ,^*a xL1”“,~.,+“‘.‘*~ .cd .’ SJX 0.4u. *<*r-c 8:” ? ” .<_ 
solutions, is an EPA-registered product. It is Alcide Corporation’s current intention to ,use one of 

three EPA registered sodium chlorite products for the. proposed application (or the equivalent): ) _ _.. I_ i/ .. & (‘I ._ _ 

001~~1 - 
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Vulcan Chemicals 79% Technical, Sodium Chlorite, Technical Sodium Chlorite Solution 3 1.25, 

or 31% Active Sodium Chlorite Solution. Copies of the Technical Data Sheets,and Material 

Safety Data Sheets for these products are provided in Appendix 2 of this section. ’ Alcide 

Corporation intends to request that Vulcan Chemicals include label copy, which mandates that .(\.. 1..--.. ., ., _’ ‘. ,I _,_ .-: ..( e”.’ .I_ 
users ofthe sodium chlorite must discharge the solutions in accordance with the requirements of . 
the facility’s National Pollution Discharge Elimination System permit. Any warning statements ;:., _. ,. ‘_ 
on the labels concerning the hazard of the products to organisms that may be exposed to it in the 

environment will also be on .the labels of the FDA-reguhued use.. 

: ;,., ,. ~~ b_ 
6.2.5.~ COMPLIANCE STATUS ) 

Sodium chlorite has a number ofcomme,rcial”uses, primarily as a source of chlorine dioxide, 

e.g., pulp and paper bleaching, drinking water treatment, as a slimicide in cooling towers, as a food / , i” .^ a i * ., ./... , .,. 
disinfectant, and as a cleaning agent in the electionics$rdustry. The current U.S. production of 

sodium chlorite is close to 11.16 x 1 O6 Kg. 

As shown in Section 6.2.1 oft& petition, in the estimates of “worse case” usage that Alcide 

Corporation has made, the total maximum projected use of sodium chlorite for seafood or freshwater .q, i I ._. ,_, .-^. I_lr..r”__ _/. ._ .^ ,.. .” 
fish, was estimated at 0.35 x 1 O6 Kg (0.16 x lo6 lbs) or i,4% of the total sodium &&&ma&et. in 

the US. Accordingly Alcide does not believe that approval for the proposed use will affect current ,.. a 
compliance by sodium chlorite producers with environmental regulations. : 

Use of the food grade acid activators is significantly less, of a larger total commercial 

utilization, and a similar conclusion is draw for.these,,materi& ,as we!?. __ 

.^ 
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: 

- 7 FATE OF EMITTED S’tJBSTANCES m THE ENVIRONMENT 

.‘ 

7.1. Introduction 
: 

I 

-_ . _ _ . _ _ -. a. . ..) ,a - . ,. . - .__.,. “_... - ‘ 
Chorine dioxide (produced from sodium chlorite) is used widely in drinking water treatment 

in the U.S. When chlorine dioxide. reacts in drinking water, approximately 50 - 70% is converted # 
back into chlorite andthe remainder into chloride and chlorate. TheMCL (Maximum Cont~amin~ant~. 

Level) for chlorite in drinking water is 1 .O ppm, corresponding to 1.34 ppm sodium chlorite. The Rfd 
(reference dose) for *e chlorate ioh is-m;ch i;ver th~~~a;.,~~r~~~~~te,;and ;;l;;;;;re’“ihe tii.Epi /*~I* I._ ~ 

(Environmental Protecti%on Agency) has not set a MCL for, the chlorate ion. Under The Emergency 

Planning and Community Right-to&row Act statute (40: CFK Sect, 3.13 T-U), theUS EPA considers ,, I” . ,^ 

chlorine dioxide releases to the environment at. level&below I .O ppm to be de minhis. Because 

chlorine dioxide decays rapidly into chlorite, chlorideand chlorate, this limit is reflective of the low 

environmental toxicity of those ions as well. ‘-’ - 
“) .__ ._ ‘_ 

The chlorite ion is thermodynamically unstable with respect to other chlorine species, e.g., The chlorite ion is thermodynamically unstable with respect to other chlorine species, e.g., .- - .- - 
.I u.,. .I u.,. 

hypochlorite and chloride. It reacts rapidly with Fe@) and Mn(II) as well as with reduced sulfur’ hypochlorite and chloride. It reacts rapidly with Fe@) and Mn(II) as well as with reduced sulfur’ . L. ._., ^ ._ .__. ” . L. ._., ^ ._ .__. ” ” _ i., . j ” _ i., . j 

species and organic compounds. It is also rapidly degraded photochemically. Consequently, it does species and organic compounds. It is also rapidly degraded photochemically. Consequently, it does __, __, s s ., “,,- > “S-F 8~ ,‘ 4 “.S./^ ,i, ., “,,- > “S-F 8~ ,‘ 4 “.S./^ ,i, ,ii*l,.;~~.I,-r;dr.,j~~,r..r..; i,. 1, ,%, I,& ,ii*l,.;~~.I,-r;dr.,j~~,r..r..; i,. 1, ,%, I,& 

not persist in the environment. not persist in the environment. ’ ’ 

In the following, some of the aqueous reactions of the chlorite ion are examined along In the following, some of the aqueous reactions of the chlorite ion are examined along 

with its photochemical degradation. with its photochemical degradation. 

7.2. Chemical D&jFsidatidn of Chlorite 

In acid media, the chlorite ion is in equilibrium with chlorous acid 

C102’ + H+ e HClOz pKa = 1.97 

0 

: :,. 
Below a pH of -3.5 the following mechanisms predominate 

; 
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0 HClOz + 3 H+ + 4 e’ + Cl‘ + 2 Hz0 1.57V’ 

.^ 
HClO;! + 2 Hf + 2 e’ -+ HClO + Hz0 1.645V ” 

: 
The positive oxidation potentials indicate that the reactions proceed spontaneously as written. 

The hypochlorous acid, HClO, produced from the second reaction rapidly reacts to produce chloride I- .,., _. .- . “” ..‘.’ I*l.X_.*,:) (, ,“,I’ ;.’ 
. ion as shown in the following pathway: 

HOC1 + H+ + 2 e- + Cl- + H,O ’ “1.&v “ 
,. 

This reaction is much faster than that”*of hypochlorous acid with organics. Consequently, .- ,s ._ .,,. , 

very few chlorinated organics are formed. 

At higher pH values, chlorite can degrade by one or both of the following pathways: 

C102- + 2 Hz0 + 4 e’ -G Cl- + 4 OH: 0.76 V _ _._ 

ClOz- + Hz0 + 2 e’ i ClO- + 2 OHI .Oh$ y.. . . 

Chlorite can also undergo disproportionation reactions (reactions in which .@o or more, ” . ___ 

molecules of one-species react to seafood or freshwater fish o.ne” species with a higher oxidation state 

along with one of lower oxidation st,ate). This is illustrated .in the foilo”wing reaction in-which 

chloritekhlorous acid (oxi4ationstate,+3) decays into hypochlorous acid (oxidat@nstate +l) and 

chlorate (oxidation state +5): 

HC102 + c102- ’ 3 HOC1 + C103-’ 

Fabian ” demonstrated that iron catalyzes the decomposition 0$chlorite,~,~~~~~~~,,e_~a~.~ ,,* _, 

” investigated the feasibility of using ferrous iron (Fe@)) to reduce chlorite concentratkns, ~_ _ ,_ 
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~- Laboratory tests indicated a required reaction stoichiometry of30 i 3.1 mg Fe 
. ,. -._ :(L[)!mg- C102’. The 

1 reaction rate was rapid for pH values of 5 and greater. Interference from dissolved oxygen was 

minimal. The ferric, hydroxide solids produced as a by-broduct for the Fe@)-1 

_- 

CtO;- reaction had 

no adverse effect onalum coagulation for the removal of turbidity and dissolved organic carbon. : ” 
Iron catalysis of chlorite is an important degradation pathway in both soils and wastewater 8 i .,.. I_.. . . . 
streams. 

7.3. Photo&en&a! Degradation of the ChJor& fron “. 
,, . 

Buxton and Subhani I9 indicated thatthe chlo;rite j&n.undergoes photolytic decomposition 

to form chlorate, hypochlorite, chlorine dioxide and oxygen. The results of work by Cosson et / ,::- -- _ ,‘_, b?. C’i.,~“>.x)‘~,~ 1. ./-. ,1 “.; ,<. ” L, 
al. I9 suggest that chlorate is not formed by direct photodecomposition of chlorite,~bt.it rather by 

i 

decomnosition of chlorine dioxide. Their results are consistent with tl A 
i . 

. , .” . _.. le stoj-chiometry I .I ..^ 

3 CIOz- + H20 + hv + Cl- + 2.C102, + 2 OH- + 0.5 02 

Unless the chlorine dioxide formed from the- photolysis of sodium chlorite solutions is 
- 

removed from solution as soon as it is formed (e.g., via an air sparge) it is rapidly.degraded into ,, = 

chlorate and chloride. 

In 1964, Nabar et aZ. 2o published the results of their work’ on the photodecomposition of 
x I -__,“~ll .I I “, 

chlorite. The following figure shows their results for the fadeo.meter decomposition of a 0.0409 .I e/. ,,,a ^*w-r-.~ b” ..^, 

N NaC102 solution (3699 ppm) buffered,? pH8.2 and ~0.0775 N NaClO2 solution (7OQ9 ppm) ,.. ,. 

buffered at pH 3.8. The half-life of the higher nH*solution was le,ss than 20 minute& that of the’ .“‘._ / . 
pH 3.8 solution was less than 30 minutes. lpeco-mposition of chlorite solutions by sunlight was 

reported to be significantly faster.’ Nabar et al. suggested the following photochemical reaction ..“( I ,).l* -,1”1 . . A, ,.. .,,,.. _ _. ,_, ._ 
pathways for the degradation of chlor$e under alkaline and, a~i,~~~‘cb~~~ti6ns,‘respectively: 



,. 

6 NaC102 + 2 NaC103 + 4 NaCl + 3 02 ” 
._! 

10 NaC102 3 ,2 NaCl,@ 4- 6 Na%l + 2 NaClOd + 3 02 
/, 

In other work, Zika et al. 21 found that. chlorite has a half-life,of less than JO minutes in - - ,- .“S “, ,., I* ,‘“l‘ .__^_I”“.. s”mw‘_*I-* *+r-sG.. ryl,~a.d.+ a/ ,l.,“l_ C”, .~wx~,n~~.~~~~~,~,~~~r~~~,.;i~~! ‘,d ,%.‘1 , ,” .)I ,. _, **7 i, *ia ,.b. 

direct sunlight. More recently, Wang 22 determined that,chlorite solutions degraded rapidly (half- ,, _ 3 ~~~,“.^.~<./U . . L*~.I_ltp,.L.I_C .,;, *.* .” 

life - hours) under laboratory fluorescent lighting and even more rapidly in direct sunlight (half- .>., .,_ .,/ 

life - minutes). This was verified in a fie)d @@at the. Los Angeles Country Reservoir 23 in IX_ _A _ .-, ̂ ,,- ._ ,,,‘?a .a :/ Q 

which chlorine dioxide was applied to control algal blooms. Chlorine dioxide was-applied at 

night to give adequate reaction time with the, algae present. Within four hours after sunrise, .-, “11 _l*..,&_il<./l/ ., - ,.;. ,: r-;i i ,i( 
levels of, both chlorine,dioxide,,a& its primary degradation byproduct, chlor$e, were below 

detection limits. 

_ . . . 
I 

7.4. Chlorite Degradation in Soil 
, 

In 1999, Certified Laboratories (Plainview, NY) conducted a study (Appendix 3) to simulate jl2 _) .: --. ,. ‘,,.-. .. “ 
the rate of degradation of a spilled chlorite-containing product (Alcide 4XLA Teat Dip, 2400 ppm 

_^ 

.a 
chlorite acidified with,J,actic acidto,,a pH of 3.0). Three different soi! k$nplek dcffking in moisture 

,. ..__ .” _ B 
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and organic content were used. The results are shovnin the fol’loiving table. Kwas‘assumed thatin”-^. I,” ,. . .) 
” ; “...~’ _ _ . . ,-, .“.. 

a spill the product would be diluted 1: 10. The last column gives the time at w~~~~the~c~hl6~te~~~~~~’ ‘I^’ .’ &” -’ .~ . . 

The rate of degradation was clearly a function of organic loading and also of soil moisture.’ 

From these samples, chlorite is not expected to be persistent in soils, and consequently will-not have 

an adverse impact on the environment. 

_I Characteristics of Soil Sax&l& 

44.2 29.6 8 hours 

7.5. Chl”orite Degradation in Manke 

In another study (Appendix 4), ASC was added to cow manure at an initial‘level of 229 

ppm. Aliquots were analyzed over a two-day period. The results, in the‘table below, show that 
., .,... “” 

,._. . _ . _. 

“. 
,, “_.. __._ 

~\R&O\7OOREGUL+TOR’S~ FISH OlSMRScafocd ~AP\l7l.l~#Qewir0nmrmal apdarmnt dot 



Chlorite Degradation in Manure’ 

5.0 49 

15 45 

24 20 

48 20 

Note: Method detection ljmit ,was -20 ppm. ‘..” 
. 

7.6. Chlorite Degradation in Poultry Processing Waste Waters 

A study was conducted to evaluate the persistence of sodium ‘chlorite .in, typical poultry 

processing wastewaters (Appendix 5). Samples of wastewater containing spent ASC (ASC) 

treatment solution were~cs!lect*ed~~~m.~~,~~ poultry processing plants immediately prior to discharge 

to the local POTW (pubiiclj;‘owned treatment works), cooled, &d shipped to a third:party laboratory 8 
for chlorite analysis. Samples were protected from W ,exposure during the analytical process. .( -_ 

The following table gives specifics for‘the four plants where these samples were taken, as ~ . “../ j 
well as the calculated cMo,rite, !evejs in the wastewater. The ASC solution .as applied is 1,000 ppm I *_ ‘.ej.e.(l k .d.‘w. cux?* .w.eas .*,arqw...i i_ ,*-i.~~~~~~~~~i.~~~~~~~~~~?in4..~~~~~ 

sodium chlorite. Typically, 90% of the applied solution goes to drain. The sodium ch~.orite in this ,A_,_ >. * /, .,.- ., _( ^ , ._ 
spent solution typically measures 900 ppm. 

, 

* .,. ,., . . . “. . , r ” _ I . ., ..,. ^ ._ I. ,, 



I ,“, 1.. ,,;!_I 

; : . 

+Calculated chlorite in plant “effluent = ASC Usage 90% (900 ppm/Total Plant 
Wastewater) 

When the samples were analyzed (Ion Chromatography, EPA Method JOOl), both chlorite 

and chlorate, were not detected, indicating that chlorite is not persistent in the environment. 
,* /. ._ 

Furthermore, before discharge into the environment these wastewaters are commingled 

with other industrial wastewater discharges and domestic wastewaters. Assuming a typical 

POTW processes 25 MGD, any chlorite from the plants is diluted by a factor of 15-20 (2511.5 to 

25/l .2) using the examples above. The resulting calculated concentration of chlorite contribution 2”~. _/, I 
to the total effluent entering POTW waters would be well below the 1 .O*ppm MCL for drinking 

water, albeit no degradation occurs. 

7.7. Coixlusion 

Theory predicts, and lab studies and analyses of actual samples (soil, manure, wastewater) 

confirm, that chlorite decays rapidly in the environment, and is not expected to’exert any adverse 

impact. 

2 
m. 
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8 ENVIRONMENTAL, Ej?FkCTS OF ~j3JJ3A~ED’SUj3S’jYA~C~S 

8.1 EFFECTS ON AQUATIC CiRGANISMS 

,*“.“,_I .,.>. ..,“. . . 
Summaries of the aquatic-toxicity ofrelevant oxy-chlorines that might enter the 

environment as a result ~of processed seafood or freshwater fish treatment are provided in the next ~* =. ._ 

paragraphs. Followingthe discussion of each specific oxychlorine is a projection o: f the effects I . . _” i_, ,. ~, ,, ,. .%A~_ .j_ , _ ” ,_ ,,,_ ,_ ̂. ,, - I. 
fkm ram-h nf thkpw motmricala IE P rmnlt nf the treatrnsmt nf wafnnd ,-A f&.chw~tcw f&h 

Sodium Chlorite: Then LCso aquatic toxicity to fish and oyster species ranges from 41 to “_. ,.,., ..,.C,i,“N i.” I ., ,. . 1 / ;,_ __.I^ 
149 ppm, and from 0.151 to 0.650 ppm for Dhphnia magna-and Mysid shrimp, resp. The ” .I .“. .1 . . . . _ ,.... __.. l.,,_ ,.,._. _.,I . . “_ . 

4 
US-EPA has determined that sodium chlorite:istoxic to.fish,.on the basis of the Daphnih 1 ;“, I ,.. ,. :. : ^, 6 
magna figure. It was shown in Section 6.2.2.b. that a theoretical. worse case maxi.mum 

-lm4S--WTW. I. 

During subsequent waste-water treatment or at,the,,POT.W, I. ,./,,. ” ._. __ “._” ,>.,_ ̂ _;. i chlorite will mix with : ., ,. ,^. I 
other organic laden waters’and be rapidly reduced. For effluents that might not be ,,_., . __ 
directed to POTWs, but are directed to catch ponds and leaching’beds, the high levels of 

organic matter in the earth’ environment ,would rapidly reduce the chlorite to safe l.evels 

before the entraining water reached habitable waters for aquatic species. 

Sodium Chlorate: The LCso for freshwater and m.arine fish is, consistently >lOOO ppm: /, .” .__ 

Sodium chlorate, being a small fraction of the impurities in technical grade “. 
sodium chlorite, and forming to a de mini&s extent during the 

_ . 
degradation 

- -- 
of ASC I ,_ 

solutions, is therefore of no concern from their use in product treatments. This 

conclusion is also.directly applicable to the lower volume use of ASCs for treatr&nt of 

processed seafood or freshwater fish. : , ..- , 

Chlorine Dioxide: The rapidity of degradation of chlorine dioxide in-organic ~ ^,,_l^. ^._, 



/  

environments, coupled with &de &zimis production in ASC’solutions em&&es. any - 

aquatic toxicity concerns thorn product treatments. Thjsconclus& is also* appropriate for 

effluents resulting from ASC use on processed seafood or freshwater fish. 

8.2. EFFJ$CT$ ON TERRESTRIAL OW$4NISMS ? -.I,<I I., ,*- ,/.. x* 1. ,. *,F- x1 .“,,~7’~~~,~..,,-.~,a,~~*l-ii.-lw~”~~~~,~.,~~...x~~ ,..c (-3 j ,_ ,,.-- ,, ,,xIY..~a ^ _,. ,* ., * )., ,,_. ., , ̂_ *>; __/ , ” “.* _. _ ,I , ,, _, ..,; 

A broad variety of toxicologjca! studies have been carried, out ,on,the,~oxychlorine species Z‘~ 
chlorite, chlorate and chlorine dioxide, in connectionwith .the,worldwdde use of chlorine dioxide i , ‘r.-IXI”II,-XtlJCX). 1 _ i/ ,___ A__. _ ” 

in the disinfection ofpotable water. The.Cl@ has been,found to seafood or,freshvvater,fish,. _, ,_ 

virtually no chlorinated hydrocarbons as potential mutagens, as does chlorine.. On a,concenfrated< 

basis, the oxychlorines have been found to cause oxidative changes to erythrocytes, both in loss _” ,(LI ‘ *- “* 1 __ ,1/c ,./., *p, .*II,II~*.X~~I 

of structural integrity and formation of methemoglobin., However at the parts per billion levels 

that it is expected that. these m,ater@s will-be found in. seafood or freshwater fish processing pJant \, 1 ,S” - “Y -.~“.u..%xI”b*~~I* ,Y)_ “4’ -..II*x,rr-r.*ui((“r* n”,I. rllC-iluX-,~~-V”lrr,“~“~~~,~, *,-, “n _u, 

effluents, the data obtained in connection with.Mr&ing water levels of the oxychlorines are more 

relevant. 

On an acute basis, the toxicity of sodium chlo&e,$ in the-range of 300 -‘350 mg/kg, based 

on the LDsO values for mice, rats, and guinea pigs. For sodium chlor&e, the LD50 range from -600 ,, .,i,“- ‘ <.. ._, “,” ,. , _: “. ^ r S.” _. 

to 8000 mg/kg for mice, rats, dogs, cats and rabbits. .Wth,.respect to the acute toxicity of chlorine 

dioxide, an LDt+o of 500 ppm was found for 15 minutes,ajr exposure by.rats. In man,, a 5 ppm. level -, 
in the air was found to, be,*% irritant to the respiratory and gastrointestinal. tracts. Such levels ,w* -‘~ ., 1. (” *I*“__l,l 1dY.c_ ., ,“,., .,**” _-_I I. I J’ .a ,_+> _I _ II. ,I_ I., ,_; I ,. 

would not be foeund*.in-.seafood.or @e&water&h processing plants. _, ,,.“jm*-, > 

A variety of sub-acute studies have beenc,onducted.o,n animals and human volunteers, _j . * I *+w” ~~vx>--~***~ “_m*iA-vail “~,‘rM*VI^““natm~~~~-~~.~~*(,. / 

who ingested waters containing ui, to 40 ppm of chlorine dioxide in a sjngle episode, or 5 ppm . . ,, 

solutions of chlorine dj.oxide or sodium chlorite for a 1 i week period. In the latter cas,e, th~ere x “l ~.-i.“p,I”I1”>ui -ri,~~~~“~x.~‘-~~~~~c-illi -** : ” i “b ,._J”.“Y,u .>I 

were some effects on blood ,chem&try, but little other effects. ,,l[nthe,,~f~~~~~~~,~~e there was % i~?“u”~a)“~,~,ra;*i: n,r* I * . . ,. ,, ,., ,.. I; 

headache, nausea and,abdominal, d~scomfo~rt~h~ch passed in S.minutes. 

U.S. EPA’s recently completed re-&sessment”of chlorite and chlorine dioxide safety has , 1 .I .” x ., *“.*..A xx. 4‘rr.*“rrrr.rr*--x~*. i~“.~~-.~,~~~~,~,~~~,~~~~.~~~~~~ ~~~-~~.~~~~~~~..~~~?. ., ^-__,.- _. ,i; *~_ 



._. .xI, I ,____ bri.-L. _i a”.“. i_ ,, j/._” xI_ . , ,sl .I., ii _ ,;.. ii-. .” 

established a Reference Dose (Rfg) for both of these materials of 0.03lmglkglday in drinking 

P water, based on an NOAEL (No Obser 

fold safety facto?4. This~corresponds to 2.1 mg/kg/day intake of chlo 

a 70 kg individual. The report of the American Water 

vable Adverse l?ffectLevel) of 3 mgIkg/day and a lOO- 
> 

tjte or chlor- --- ine dioxide for _. : _- 

works, Ass,oci&n’ s. evaltj lation of chlorite __ (,. ““,,.^l ,,../ ..;, *_^-“,IRLI*IX . , : .“_ , . ‘, 
‘of 78 mg/kgIday nnalnter tn 9 “j”? I‘ ,“I* which, tr, -y-W 1-y, .- - .’ . i I. i. . 

maximum intake of 54.6 mg of chlorate per day for a 70 kg person, including,the 1 00;foid safety ,’ . 
facto?. 

and chlorate residues ,est,ab&hed a N-C?@ for cblorate~ 

On the basis of the o.xid,atjve tendency of these oxychlorine species to be chemically 

reduced by organic matter in seafood or freshw”ater fish processing plant Gate i-s, and subsequent , . ;. . ./ 

municipal water treatment facilities, the levels of the three oxychlorine species are anticipated to 

be significantly lower in waste waters than are the actual ,lev&s calculated to be of m$-ri.mar,~sk L _,. 

to individuals. 
I. 

* 

8.3 ENVIRONMl$N’&$J.+BEN~FITS : 

4B 
The use of ASC acid systems for treatment ofseafood,qr.~~~hwater~~h offers the ,_ 

possibility of several environmental benefits: ,. . . _I ̂ , 

In those instances. where* ASC~.solutipnsmigfit.~~~,,,~ight be used, or are used in.pktce of chlorinated ” 

water for disinfecting seafood or freshwater fish s.urfaces, the potential for the formation of 

chlorinated organic materials in the environment woujd, be sjgnificantly reduced. , 

8.32. ,JWNCT!ON,JN AQUATIC ToXlCITY > ,” , 

; ., “. . . ,._ 

Similar considerations.wou~d apply to the reduction of hypochlor$e ,in aquatic 

environments, which has the following toxicity:26 
‘, 

8.32. ,,,~,DUCT!ON,IN AQUATIC TOXKITY > ,” , 

; ., “. . . ,._ 
Similar considerations. would apply to the reduction of hypochlo+e ,in aquatic 

environments, which has the following toxicity:26 
‘, 



.“. 

,. 

l Cold w&r fish ..,., _ 0.,132 - 135 @pm ‘(X&96 hr) ._ ., _ _ LZ. 

l Warm water fish 0.28 - 2.1 ppm (L&,-96 hr) 

l Daphnia magna 0.037 - 2.1 ppm (L&-48 hr) 
. . ,., . 

These data indicate that chlorinelhypochloriti is much more toxic to both bold and war& 

freshwater fish than is chlorite or chlorate, and g&ne$ly slightly’more toxic to th&‘D@hnia 

magna invertebrate. 

. 
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As estimated,earlier in Section-j, in the worse case scenario, if the total seafo.od. or 

freshwater fish uses-of,ASC were to.follow the market penetration assumptions made, the , .~.I T.I.m%‘_.“, _, “I .n\)c*-. a<.,*,.,. “a IX ***a”. iw’e!%hw~P 

amount of addition,~~~~,~d~u~.,chlorite consumed would be 1.4% of the total present consumption . “-“,,“q -- ..“,a- r+-s-,*~~*e‘-veA~~~~~. d*,.I, yrt‘,>lhir;l* *,,““*.*m.;>“* ,,i~~~~“~.~-~~~~~~~,~~ 

of sodium chlorite. J’herefore, the impact on national. resources~a&&energy by such incremental 

use will be of minimal significance. Also no minerais wi,!l be used in the preparation or <‘, I ‘. UI ,../v ‘. ̂  _,XI,mY*i -*. /_ 

production of the subject additive. “Environmental releases of chlo@e, chlorate, chlorine dioxide 

and any of the GRAS acid,activators are not ,expected to adversely affect threatened or ._,. ^i . . . . . _I. _.,-* . . . ..d l.llll*l.e.” 

endangered species nor impact historic structures, I j ._ .> .I ._ :. ^ 

. 



10 MITIGATION MEASURE$ . -“, _‘ : . ~ . 

No adverse environmental effects are anticipated ‘froth residual “i;i;6i$&&&‘r levels bf 

chlorine dioxide ^I as a result of any asnect of us& 6f tic . I 
~ subject aaditiire,-ilf this--pe~iti’iin.is ‘. ~‘. .’ ,” 

aunroved. Therefore. n , 10 mitigation measures are re&iied. 

, _. 

, ., . ._.  ̂_ _. -1- ,_ 
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4p 

11 ALTERNATIVES TO PR-OPOSED ACTION. -  ̂

Inasmuch as np potential adverse environmental effects are expected to occur, no 

mitigation alternative actions are necessary. 



,. .I / _. .̂ ._~“, . . . . 
“““.) : 

. I.“..~.. ,_, L. 

. 

” 

12 PREPARER. ,, I. /.. ,.., 

.* 
This Environmental Assessment was prepared by G.Kere Ken@; Chief Scientific Officer 

of Alcide Corporatipn. Dr. Kemp has an educational:background in Veterinary Science., His 28 _-_ 
years of work experience have been primarily directed toward the fields of n&robio!ogy, 

nharrnacoloev and nharmacotheraneutics with specific focus on the development andjegistration 

of novel and unique,anti-microbial substances for potential us6 

“d I a - 
_ 

:s in animal, human and industrial 

applications. 

i 

- 
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/ ,” >.. ,. ., ~. ; 

, , _ ,  ii.. (1 .  .  .  _, _ . . , .  

fobnnation presented is true, accurate and _ ,.^_ ^, j* l(,~“l. I. .” 

.e firm. ” 
_ 

The undersigned official cktifies that. t&, in: 
- ,, 

complete to the be&bgyledge of th 

Date: Novembq ?5’h, 2002 

Signature: 

Name: 

Title: 

Ch#Sc$n$ific Officer 
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14 APPENDICES 

Appendix 1. Sodium Chlorite Technical Data Sheets :and l!&tqri@ Safety D&a Sheets. 

Appendix 2. Carlisle Consulting, Inc. Air Sampling Siuvey for Chlorine & Chlorine Dioxide: ,. 
1999, Harrison, Arkaflsas 

. \ . 

Appendix 3. Certified Laborato,ries, Inc. Degradation of Chlbrite iiz Soil-Final Report on .~ 
Performance of Protocol of 3/2;4/1‘999. 1999, Plainview, NY. 

: 

Appendix 4. Certified Laboratories, Inc. Degradatibn of Chlorite in Cow Manure. 1999, !.. ,, 
Plainview, NY. 

Appendix 5. ABC Research Corporation. Determimitiqn of Chlorite, Chloride and Chlorate in 

Waste Stream Waters. 2000, Gainesville, FL. 
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